INTRODUCTION
Potential field datasets are routinely filtered to produce products from which characteristics of the sources of anomalies can be easily inferred. Usually it is the locations of the edges and depths of the sources that are of interest. Commonly used examples of such filters include pseudogravity, analytic signal amplitude and the total horizontal gradient (see Blakely, 1996) . Of particular interest here are the edge detection methods which make use of combinations of derivatives for delineating the edges of sources. In recent years several such methods have been described which involve equalising the amplitudes of magnetic anomalies, by normalizing the derivatives of the field. For instances, the tilt derivative (Miller and Singh, 1994; Verduzco et al., 2004) , the Theta map (Wijns et al., 2005) and the horizontal tilt derivative (TDX) (Cooper and Cowan, 2006) . Recently, de Souza and Ferreira (2012) proposed a simple derivative-based method for qualitative and quantitative interpretation of magnetic anomalies from dykelike structures. For a vertical magnetisation the edges of the sources can be recognised from the locations where one or more of the spatial derivatives change its sign: the zero crossover point. The authors called this technique the 'Signum transform'. De Souza and Ferreira (2012) showed that the crossover point does not exactly coincide with the true edge location and formulae for calculating the exact edges positions and depths for dyke-like sources were developed. In this paper we show that the method proposed can be used to enhance anomalies from non-dike-like bodies. In addition, it also shown that the Signum method is suitable for separating overlapping anomalies due to closely spaced magnetic bodies.
METHOD AND RESULTS
For a 2D dyke model, it can be shown that these particular values are not located over the edges of the causative sources. Using synthetic data the error in the edge location can be quantified. For a simple dike model, at the magnetic pole, this can be accomplished analytically. For an arbitrary prism, this result can be determined numerically.
The magnetic anomaly of a vertical dyke located at the magnetic pole and observed at 0, z  is given by (Telford et al., 1998 ):
where A is the amplitude coefficient, a is one-half of the dyke width and h is its depth to its top. This expression is valid for anomalies observed near the centre of a dyke of infinite length and depth extent. The zero-crossover points for the first order vertical derivative of the magnetic anomaly (M), the second order vertical derivative and the first order vertical derivative minus total horizontal derivative (Murthy, 1985) , are given by, respectively,
SUMMARY
The Signum transform is a simple derivative-based method for qualitative and quantitative interpretation of magnetic anomalies from discrete sources. The methodology is based on the normalization of a filtering function, which is a derivative of the anomalous field or function of this, by its absolute value. The filtered anomalies have only two values (+1 or -1) and the causative sources are represented by the positive values. The transform has been applied to three different functions, namely the first order vertical derivative of the magnetic anomaly, the first-order vertical derivative minus total horizontal derivative and second-order vertical derivative
For a vertical magnetisation the edges of the sources can be recognised from the locations where one or more of the spatial derivatives change its sign: the zero crossover point. The zero cross over point and actual source edge are separated by an amount which depends on the dykes depth and the type of data being transformed. Thus, actual edge locations are easily computed from the Signum transformed data.
The method performs well when closely spaced sources cause anomalies to overlap. Imagery based on the Signum transformation of first and second-order derivative based transforms of the magnetic data combines the advantages of the resolution of the secondorder transform with the greater stability of the first-order transform.
Solving these equations for , 
Where e and are the zero-crossover points for the first order vertical derivative, the second order vertical derivative and the first order vertical derivative minus total horizontal derivative, respectively. Ideally, the zeros of Equations 2a-2c should be located at but as it is clear from Equations 3a-3c, its values depend on the dyke depth (h). Note that, the deeper the dyke, the greater the relative shift of the crossover point from the true edge location. Note also that in all cases the zero crossover points go to a  , when
The simplest way of locating the zeros of the functions expressed by Equations 2a-2c is by dividing them by its absolute value. The Signum transform of a function , f is given by:
If, 0 k  this operation corresponds to well-known sign function. De Souza and Ferreira (2012) chose 1 k  and tested three different functions , f namely the first order vertical derivative of the magnetic anomaly, the first order vertical derivative minus total horizontal derivative and second order vertical derivative (i.e, the Laplacian). The sign of the derivatives have already been used for enhancing images (Marrand and Hildreth, 1980) and geophysical data (Mattsson and Wahlgren, 2010) . For these cases the source positions are represented by positive plateaus. However, as outlined above, for geophysical data the plateau outline indicated by these techniques not necessarily coincides with the edge locations, making the bodies appear wider (or narrower) than they are. This effect is particularly important for deeper sources.
In most derivatives-based edge detection methods, edges are indicated by peaks in the transformed anomalies, which are located at one of the points where the filtered data (or its tangent) changes sign. Signum-transformed anomalies, in contrast, have just two values and the theoretical edges correspond to the points where the transformed data changes value from − to .
In Figure 1 we compare three filters, namely the total horizontal derivative (THDR, Cordell and Grauch, 1985) , the normalized maximum horizontal gradient amplitude (TDX, Cooper and Cowan, 2006) , and the tilt angle of the total horizontal gradient (TAHG, Ferreira et al., 2013) , with the Signum transforms of the first and the second vertical derivative. We use a model composed of two dykes with a = 100 m (for both), and h = 100 m (left) and h = 500 m (right). The synthetic anomalies have been generated using Equation 1. Apparent is the shifting of the theoretical edge positions from the true edge positions (indicated by the vertical red line) in the all filtered anomalies for the deeper source. This effect can also be observed in other filters, for example the Theta map (Wijns et al., 2005) . For the shallower body the offset of the theoretical and actual edge locations is negligible. When f is the second-order vertical derivative of the field, the calculated edges are closer to their real position. Note that maximum values in the THDR and TAGH curves are located at points where the Signum transform of the second-order vertical derivative changes its sign. Likewise, the maximal values of the TDX are coincident with the sign change of the Signum transform for the first-order vertical derivative. Note that none of the filters indicate the actual edge location (red vertical lines) for the deepest source. For the THDR and second-order based methods, the maximum values are located closer but not exactly over the real edges.
In Figure 2 we plot the relative difference between the crossover and the actual edge location ( ) against the depth of the sources: ℎ where is one of the Equations 3a-3c. It is apparent that in the second-order vertical derivative curve the edge positions are less displaced compared to the first-order vertical derivative curves. However, in field data this gain in confidence is counterbalanced by a higher noise level. A negative offset between the theoretical and true edge location is observed in the curve for the vertical derivative minus total horizontal derivative, for shallower sources.
Exact formulae for the depth and edge location can obtained from Equations 3a and 3c. Combining these equations we obtain, after some simple algebra, we obtain The input parameter of Equations 5 and 6 are obtained from the Signum-transformed anomalies, however one needs to generate two anomaly maps in order obtain these parameters. We illustrate how to apply the method using the synthetic 3D model in Figure 3 . The model is composed of two prisms of finite size (length = 6000 m, width = 600 m and thickness = 18000 m), located at the magnetic pole and buried at depths of 100 m (P1) and 600 m (P2), respectively. A profile taken perpendicular to the strike of the bodies is practically indistinguishable from that generated by Equation 2. Figure 4a shows the magnetic anomaly map of the model in Figure 3 . Maps 4b, 4c and 4d show the Signum transform for the first-order vertical derivative, the first-order vertical derivative minus total horizontal derivative and the secondorder vertical derivative, respectively. The input parameters for Equations 5 and 6 are indicated by the arrows. Note that the deeper the source, the greater the discrepancy between the theoretical width of the bodies and the actual ones, as pointed previously. Due to this effect, the bodies appear wider (Figures 4b and 4d ) or narrower (Figure 4c ) than they are. 
APPLICATION TO PRISMATIC SOURCES
For non-dyke-like models, Equations 5 and 6 cannot be applied. However, the Signum transform can be used for enhancing magnetic anomalies of sources with arbitrary geometries. This is demonstrated using the model shown in Figure 5 (top left). The model is composed of two horizontal sheets buried at 300 m (P1) and 600 m (P2) and two cubes (P3 and P4), at the same depths. The locations of the sources are clearly seen in the transformed data. It is also possible to see the displacement of the apparent edge positions from the actual positions, as was also observed for dike-like bodies. In the second-order vertical derivative anomaly map it is possible to observe artifacts introduced by the high order differentiation processes.
INTERFERING ANOMALIES
We also apply the Signum transform to interfering anomalies due to the proximity of magnetic bodies. In Figure 6 we compare the anomaly maps of some common enhancements with the Signum transform. We can see that in the TDX and TAHG, as well as, in the first-order Signum transform maps, it is very difficult to infer the presence of two bodies. In contrast, the second-order Signum transform map shows clearly the presence of the two bodies. 
FIELD DATA
To demonstrate the capability of the Signum transform to separate closely spaced magnetic sources we apply it to some data used by De Souza and Ferreira (2013) . These data are from southeastern Brazil and the local geology comprises Precambrian sediments and crystalline rocks.
The display in Figure 7 comprises a combined display of the first-order and second-order Signum-transform maps. Recall that positive values of the transformed data are expected above magnetic sources. In this figure, light-blue represents areas where only the first-order filtered data are equal to 1; orange represents areas where only the second-order filtered data are equal to 1 and red represents areas where both are equal to 1. This display is designed to combine the advantages of the resolution of the second-order transform with the greater stability of the first-order transform.
At the upper centre it is possible to see two lineaments that is seen as single structure in the first-order Signum transform data. Also some lineaments appear in the second-order map but not in the first-order map (right corner at the bottom). 
CONCLUSIONS
In this paper, we demonstrate that the Signum transform filter, recently proposed for qualitative and quantitative interpretation of dyke-like sources, can also be used for qualitative interpretation of other prismatic sources. Using synthetic and field data we also demonstrate that the method is useful when closely spaced sources lead to overlapping anomalies.
